Besifloxacin (BSF) is a fourth-generation fluoroquinolone antibiotic with systemic name(IUPAC)as 7-\[(3*R*)-3-aminoazepam -1-yl\]-8-chloro-1-cyclopropyl-6-fluoro-4- oxo-1,4-dihydroquinoline-3-carboxylic acid ([fig. 1](#F1){ref-type="fig"}). It is fourth generation ophthalmic fluoroquinolone of synthetic origin that was approved by the US-FDA in May, 2009 for the treatment of bacterial conjunctivitis\[[@ref1]\]. The first marketed formulation of BSF salt was 'Besivance' having 0.6% ophthalmic suspension and sold first in USA under the trade name of Besivance^®^\[[@ref2][@ref3][@ref4][@ref5][@ref6]\]. BSF is a novel 8-chlorofluoroquinolone with an N-1 cyclopropyl substituent\[[@ref7]\]. The amino azepinyl substituent at the C-7 position and the chlorine at the C-8 position give BSF a unique structure and activity profile. *In vitro* studies show BSF to be highly active against both gram-positive and gram-negative bacteria, including multidrug-resistant strains, and to be rapidly bactericidal. The literature reported the estimation of BSF in human tears by tandem mass HPLC\[[@ref8]\] bioassay method\[[@ref9]\] and by chiral HPLC\[[@ref10]\], but no published research papers were found by UV-Spectrophotometer.

![Chemical structure of besifloxacin.](IJPhS-77-399-g001){#F1}

The purpose of this proposed work was to develop the methods for quantitative estimation of BSF in different simulated body fluid and in pharmaceutical formulations. The literature survey does not report any UV-Spectrophotometric method for estimation of BSF in different body simulated fluids. This paper reports three newly developed methods for quantitative estimation of BSF in simulated body fluids, in bulk and in pharmaceutical formulations, according to International Conference on Harmonization (ICH) guidelines\[[@ref11][@ref12]\]. The results were analyzed and validated statistically. Thus, reported methods were found to be simple, accurate, precise and economical.

MATERIALS AND METHODS {#sec1-1}
=====================

An UV/Vis double beam spectrophotometer (Pharmaspec-1700, Shimadzu, Japan), having 1 cm matched quartz cells, loaded with UV Probe software, spectral bandwidth of 1 nm, having wavelength accuracy of ±0.3 nm. All weighing was performed over 1 mg sensitive electronic balance (Vibra DJ-150S-S, Shinko Denshi, Japan). For mixing and dissolving bath sonicator (Sarthak SUC- 322) was used.

The API reference standard of BSF hydrochloride was obtained as kind gift from Indoco Remedies Ltd, Mumbai, India arranged by KPS Clinical Services, Greater Noida, UP, India. Besifloxacin ophthalmic suspension 0.6% w/v (Besix^®^ eye drops) containing 5 ml of product was procured from a local pharmacy. Double distilled water was used as solvent for experimental purposes. Disodium hydrogen phosphate, potassium dihydrogen phosphate, sodium chloride, sodium bicarbonate, calcium chloride, hydrochloric acid and sodium hydroxide were purchased from Qualigens (Fischer), Mumbai, India. All chemicals and reagents used for experimental purposes were of analytical grade.

Preparation of stock solutions and calibration curve: {#sec2-1}
-----------------------------------------------------

The standard stock solution (60 μg/ml) of drug was prepared by dissolving accurately 6 mg of API in 100 ml of volumetric flask with distilled water. Aliquots of the range 0.5 to 5.0 ml of standard stock solution of drug were taken in a series of 10 ml volumetric flask where volume was made up to the mark with distilled water, simulated tears (pH 7.4) and phosphate buffer (pH 7.4) separately to make the concentration range of 3-30 μg/ml. The absorbance of each standards were measured at 289 nm against the respective medium as a blank.

The stock dilution (60 μg/ml) of marketed product was prepared by pipetting out 1 ml of 0.6% w/v ophthalmic suspension (with continuously sonication during pipetting), which was equivalent to 6 mg of BSF that was dissolved with 100 ml distilled water. The calibration curves were prepared by plotting graph between absorbance and concentration.

Preparation of phosphate buffer saline: {#sec2-2}
---------------------------------------

Phosphate buffer saline of pH 7.4 was made by dissolving 2.38 g of disodium hydrogen phosphate, 0.19 g of potassium dihydrogen phosphate and 8.0 g of sodium chloride in sufficient distilled water to produce 1000 ml. The pH was maintained by concentrated hydrochloric acid and sodium hydroxide solution.

Preparation of simulated tears: {#sec2-3}
-------------------------------

A simulated tear of pH 7.4 was prepared by dissolving 0.2 g of sodium bicarbonate, 0.008 g calcium chloride and 0.67 g of sodium chloride in volumetric flask to produce 100 ml. The pH was maintained by concentrated hydrochloric acid and sodium hydroxide solution.

Methods validation: {#sec2-4}
-------------------

The development and validation of analytical procedures with respect to specificity, linearity, range, accuracy, precision, detection limit (DL), quantitation limit (QL) and robustness were developed according to ICH guidelines.

Specificity: {#sec2-5}
------------

The specificity of the different method was analyzed by UV scan of the standard stock solution in different media like distilled water, simulated tears (pH 7.4) and phosphate buffer solution (pH 7.4), to determine the λ~max~ (wavelength of maximum absorption) with different media. The scanning can be helpful to specificity of the method by evaluating interaction study obtained from scan of individual standard drug solution in different media and with others excipients of different formulations. In the present study, no interfering peak was observed (figs. [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}) from the standard drug with different simulating media. Thus, scanning can be helpful to specificity.
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Linearity: {#sec2-6}
----------

The linearity was established across the range and the absorbance of standard stock solution in different media in the range of 3-30 μg/ml was measured at 289 nm. The calibration curves were prepared by plotting graph between average absorbance (n=3) and concentration. Linearity was determined by least square regression method.

Range: {#sec2-7}
------

The specified range was selected from linearity studies. The method for specified range was established by analyzing at 80, 100 and 120% of 3, 6 and 9 μg/ml samples in triplet at 289 nm. The range was expressed as mean recovery with SD and %RSD.

Accuracy: {#sec2-8}
---------

Accuracy can be analyzed by percentage recovery of added (2, 3 and 4.5 μg/ml) drug solution to fixed concentration (4.5 μg/ml) of standard drug solution. For standard stock solution, the accurately weighed amount of BSF 6 mg was dissolved in volumetric flask with 100 ml of distilled water. While for sample stock 1 ml of ophthalmic suspension was pipetted out and dissolved in volumetric flask with 100 ml of distilled water.

In a separate dilution three volumetric flask of 10 ml was taken and each having 4.5 μg/ml of standard stock solution were added with 2, 3 and 4.5 μg/ml of sample stock solution respectively to get final concentration of 6.5, 7.5 and 9 μg/ml after diluting with distilled water. The same procedure was repeated with the simulated tears and phosphate buffer solution. The accuracy was reported as percentage recovery by the assay of known amount of sample in the standard solution with SD and %RSD.

Precision: {#sec2-9}
----------

Repeatability precision was calculated by analyzing 6 determinations of strength 15 μg/ml as 100% of BSF standard solution. The repeatability precision was expressed as %RSD. The intermediate precision was evaluated on the standard solution of strength 9 μg/ml on same day and also on two consecutive weeks in each media.

Detection limit and quantitation limit: {#sec2-10}
---------------------------------------

The detection limit and the quantitation limit were based on the slope of the calibration curve and standard deviation of Y- intercept of regression line.

Robustness: {#sec2-11}
-----------

The robustness of the method was evaluated by stability study of BSF on the same day and on two consecutive days. The robustness was expressed as amount recovered in %RSD.

RESULTS AND DISCUSSION {#sec1-2}
======================

The proposed method was validated according to the guidelines of ICH. The method discussed in this analysis provides a simple, accurate, economical and convenient for the analysis of BSF by UV-spectroscopy. The absorbance spectra of BSF in different media like distilled water, simulated tears and phosphate buffer solution were shown in ([fig. 2](#F2){ref-type="fig"}). The found reported average λ~max~ was 289 nm that was the same in different scanning media ([fig. 3](#F3){ref-type="fig"}). Thus proposed method was found to be specific and selective.

In the developed method, linearity was observed in the concentration range of 3-30 μg/ml. Linear absorbance versus concentration gives regression equation; Y=0.0438X−0.0905, Y=0.0437X+0.0001 and Y=0.0434X--0.0207 with a correlation coefficient (r^2^) of more than 0.99 in distilled water, simulated tears and in phosphate buffer saline solutions ([fig. 4](#F4){ref-type="fig"}). The above linear regression equation with a high correlation coefficients indicates good linearity between absorbance and concentration in the range of 3-30 μg/ml [Table 1](#T1){ref-type="table"}.
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###### 

REGRESSION, ANALYSIS AND SYSTEM SUITABLITY PARAMETERS OF BSF FROM UV-SPECTROPHOTOMETRIC METHOD

![](IJPhS-77-399-g008)

The accuracy of the proposed method by standard addition method were found within the specified range, thus indicates the accuracy of the method [Table 2](#T2){ref-type="table"}. The specified range test of the proposed method of each 3, 6 and 9 μg/ml studied at 80, 100 and 120% were analyzed and calculated for their percentage recovery with SD and % RSD. The SD and % RSD within the range (\<2%) proves the specific range test within limit [Table 3](#T3){ref-type="table"}.

###### 

ACCURACY
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###### 

RANGE
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The precision of the method was found for 15 μg/ml samples within the limit (\<2 %RSD) prove the precision of the methods [Table 4](#T4){ref-type="table"}. The intermediate precision (% RSD) for selected sample 9 μg/ml was found to be 1.26, 1.09, 0.99 in distilled water, in simulated tears 0.25, 0.12, 1.03 and in phosphate buffer found to be 0.13, 0.17 and 0.86 in the analysis on same day, also on the two consecutive weeks ([Table 5](#T5){ref-type="table"}). The % recovery and % RSD proves high precision of the method.

###### 

PRECISION REPEATABILITY
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###### 

INTERMEDIATE PRECISION
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The robustness of the proposed method was established by % recovery and % RSD of the sample on same day and also on two consecutive days was found to be 1.23, 0.56, and 1.26 in distilled water, 0.77, 1.35 and 1.10 in simulated tears 2.09, 0.55 and 1.74 in phosphate buffer, respectively. The result proves the robustness of the method [Table 6](#T6){ref-type="table"}. The DL and QL was found to 0.62 and 1.88 μg/ml in distilled water, 0.72 and 2.10 μg/ml in simulated tears, and 0.88 μg/ml and 2.67 μg/ml in phosphate buffer, respectively.

###### 

ROBUSTNESS
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CONCLUSION {#sec1-3}
==========

The developed method was found to be very simple, sensitive, accurate and economical. The reported UV-methods can be used for the analysis of BSF in simulated body fluids, in bulk and in marketed formulations. Thus proposed method will be suitable for the analysis of besifloxacin hydrochloride.
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